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Abstract

Sunscreens are widely utilized due to the adverse effects of ultraviolet (UV) radiation
on human health. The safety of their active ingredients as well as that of any modified
versions generated during use is thus of concern. Chlorine is used as a chemical
disinfectant in swimming pools. Its reactivity suggests sunscreen components might
be chlorinated, altering their absorptive and/or cytotoxic properties. To test this
hypothesis, the UV-filters oxybenzone, dioxybenzone, and sulisobenzone were reacted
with chlorinating agents and their UV spectra analyzed. In all cases, a decrease in UV
absorbance was observed. Given that chlorinated compounds can be cytotoxic, the
effect of modified UV-filters on cell viability was examined. Chlorinated oxybenzone
and dioxybenzone caused significantly more cell death than unchlorinated controls. In
contrast, chlorination of sulisobenzone actually reduced cytotoxicity of the parent
compound. Exposing a commercially available sunscreen product to chlorine also
resulted in decreased UV absorbance, loss of UV protection, and enhanced
cytotoxicity. These observations show chlorination of sunscreen active ingredients
can dramatically decrease UV absorption and generate derivatives with altered
biological properties.
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Abstract

The transformation of two benzophenone UV filters (Oxybenzone and Dioxybenzone)
was examined over the pH range 6-11 in the presence of excess aqueous chlorine.
Under these conditions, both UV filters were rapidly transformed by aqueous chlorine
just above circumneutral pH while transformation rates were significantly lower near
the extremes of the pH range investigated. Observed first-order rate coefficients
(k(obs)) were obtained at each pH for aqueous chlorine concentrations ranging from
10 to 75 pM. The k(obs) were used to determine the apparent second-order rate
coefficient (k(app)) at each pH investigated as well as determine the reaction order of
aqueous chlorine with each UV filter. The reaction of aqueous chlorine with either UV
filter was found to be an overall second-order reaction, first-order with respect to
each reactant. Assuming elemental stoichiometry described the reaction between
aqueous chlorine and each UV filter, models were developed to determine intrinsic
rate coefficients (k(int)) from the k(app) as a function of pH for both UV filters. The
rate coefficients for the reaction of HOCl with 3-methoxyphenol moieties of
oxybenzone (0XY) and dioxybenzone (DiOXY) were k(1,0xY) = 306 + 81 M~*s™ and
k(1,DiOxY) = 154 + 76 M~'s71, respectively. The k(int) for the reaction of aqueous
chlorine with the 3-methoxyphenolate forms were orders of magnitude greater than
the un-ionized species, k(2,0xY) = 1.03(+0.52) x 10 M~*s™* and k(2_1,DiOxY) =
4.14(%0.68) x 10% M~1s72, Also, k(int) for the reaction of aqueous chlorine with the
DiOXY ortho-substituted phenolate moiety was k(2_2,DiOxY) = 2.17(+0.30) x 103
M~1s7, Finally, chloroform formation potential for OXY and DiOXY was assessed over
the pH range 6-10. While chloroform formation decreased as pH increased for OXY,
chloroform formation increased as pH increased from 6 to 10 for DiOXY. Ultimate
molar yields of chloroform per mole of UV filter were pH dependent; however,
chloroform to UV filter molar yields at pH 8 were 0.221 CHCl;/0XY and 0.212
CHCl;/DiOXY.



